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DES CRIPTION 

VOLATILE MATRICES FOR MATRIX-ASSISTED LASER 
DE8QRPTIO N/IONIZATION MASS SPECTROMETRY 

1 .0 BACKGROUND OF THE INVENTION 

1.1 Field of the Invention 

This invention relates to volatile photoabsorbing matrices having a low sublimation 
temperature for use in the mas* spectrometry analysis of iarge. nonvolatile molecules. This 
invention aiso relates to methods for preparing samples containing large, nonvolatile analyte 
molecules for laser dc$oiptiun mass spectrometry employing such matrices. 

1.2 Description of Related Art 

Approximately 4,000 human disorders ate atiributed to genetic causes. Hundreds of 
genes responsible for various disorder have been mapped and sequence information is being 
accumulated rapidly. A principal goal of the Human Genome Project is to find &l] genes 
associated with each disorder. The definitive diagnostic test for any specific genetic disease (or 
predisposition in disease) will be trie identification of polymorphic variations in the DNA 
sequence of affected cells that result in alterations of gene function. Furthermore, response to 
specific medications may depend on the presence of polymorphisms. Developing USA (or 
RNA) screening as u practical fool for medical diagnostics requires i\ method that is 
inexpensive, accurate, expeditious, and robust. 

Genetic polymorphisms and mutations can manifest themselves in several forms, such 
as point polymorphisms or puinl mutations where a single base is changed to one of the three 
other nasi;*; deletions where one or more bases are removed from a nucieic acid sequence and 
the bases flanking the deleted sequence are direcily linked to each other; insertions* where new 
bases are inserted at a particular point in a nucleic acid sequence adding additional length to the 
overall sequence; and expansions and reductions of repealing sequence motifs. Large insertions 
and deletions, often the result of chromosomal recombination aod rearrangement events, can 
lead to partiai or complete Joss of the activity of a gene. Of these forms of polymorphism, in 
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general the most difficult type of change to screen for and detect is the point polymorphism 
because il represents the smallest degree of molecular change. 

Although r number of genetic defects can be linked to a specific single point mutation 
within a gene, e.g. stickle cell anemia, many are caused by a wide spectrum of different 

5 mutations throughout the gene. A typical gene thai might be screened could be anywhere from 
1X00 to 100,000 bases in length, though smaller and larger genes do exist. Of that amount of 
DNA. only a fraction of the base pairs actually encode the protein. These discontinuous protein 
coding regions are called exons and the remainder of the gene is referred io us introns. Of these 
two types of regions, exons often cor.iain the most important sequences to be screened. Several 

1 0 complex proccauics nave been developed for scanning genes in order ro delect polymorphisms. 
These procedures are applicable to both exons and introns. 

In icrms of current use*, most of the methods to scan or screen genes empkiy slab or 
capillar)' gel electrophoresis for the separation and detection step in tJie assays. Gel 
electrophoresis of nucleic acids primarily provides relative we information based on mobility 

15 through the gel matrix. If calibration standards ore employed, gel electrophoresis can be used 
to measure absolute tied relative molecular weights of large bioraolecules with some moderate 
degree of accuracy: even then* the accuracy is typically only 5% to 1 0%. Also the molecular 
weight resolution is limited, iu cases where iwo DNA fragment with the identical number of 
base pairs can be separated, for example, by using high concentration polywrylamide gels, it is 

20 still not possible to identify which band on a gel corresponds to which DNA fragment without 
performing secondary labeling experiments. Thus, gel electrophoresis techniques can only 
determine size and cannoi provide any information about changes in base composition or 
sequence without performing more complex sequencing reactions. Gel-based techniques, tor 
the most part, are dependenl on labeling or staining methods to visualize and discriminate 

25 between different nuclei e acid fragments. 

Many methods in use today capable of screening broadly for genetic polymorphisms; 
suffer from technical complication and arc labor and time intensive. Single strand 
conformational polymorphism (SSCP) (Ortta at ai t 1989), denaturing gradient gel 
electrophoresis (DGGE) (Abrams et oL 1990), chemical cleavage at mismatch (CCM) {Saleeba 

30 and Cotton. 1993), enzymatic mismatch cleavage (EMC) (Youii et ui T 1995), and cleavage 
fragment lengdr polymorphism (CFLP) procedures are currently gel-based, making them 
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cumbersome ro automate and perform efficiently. Tims, Lhere is n need for new methods that 
can provide cost effective and expednio;ss means for screening genetic material in an effort lo 
detect genetic mutations and diagnose related medical conditions simply, quickly, accurately, 
and inexpensively, 

5 Another approach thai is having some success ia to employ mass Spectrometry 50 screen 

for and delect genetic mutations as weli as to sequence nucleic acids. In order to measure the 
mass of nonvolatile high molecular weight molecules, typically greater than 1000 Da, in a mass 
spectrometer, the analyle molecules must first be volatilized or converted into gas-phase ions. 
Although direct laser de sorption of the nea: analyte is one approach to volatilizing the 

10 molecule, the energy deposited inro the analyle may induce fragmentation and lead to results 
that are ambiguous or difficult to analyze ihe lale I980's saw the vise of two new maw 
spectrometry techniques which are potentially suitable for genetic screening tests by 
successfully measuring the masses of intact very large biomolecule*, namely, matrix- assisted 
laser dcsorplion/ionizatiori (MALDI) time-of-flighT mass spectrometry {TOF MS) (Tanaka 

15 et at.> 1988; Spenglcr et al n 1989) and clcctrospray ionization (ES) combined with a variety of 
mass analyzers. The MALDI mass spectrometry technique can also be used with methods 
other than time-of- flight, for example, magnetic sector. Fourier- transform ion cyclotron 
resonance, quadrupole. and quadrupole trap. 

MALDI-TOF MS involves laser pulses focused on a small sample plaie on which 

20 analytc molecules nucleic acids) are embedded in ciiher « solid or liquid matrix which is 
typically a small, highly absorbing material, such as a small aromatic organic molecule The 
volatilization of intact fragile molecules benefits from the use of matrix-assisted laser 
desorplion ionization because the radiative energy from the laser pulse is coupled indirectly into 
the analytc thru ugh the matrix moiecuies. Typically, the analytic molecules arc crystallized with 

25 a large molar excess of a pholuabsorbing matrix (see U.S. Patent NOsS. 4,920,264 and 5, 1 1 8,937, 
incorporated herein by reference). An advance in MALDI analysis of polynucleotides was ihe 
discovery of 3-hydroxypicolinic acid (3-IIPA) as a suitable matrix for mixed-base 
oligonucleotides (Wu, at al, 1993). 

The laser pulses transfer energy to the matrix causing a microscopic ablation and 

30 concomitant ioni7ation of the analytc molecules, producing a gaseous plume of intaeL charged 
nucleic acids in single-siranded form. It is thought (hut upon laser excitation the matrix 
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molccules arc Tepidly heated and ejected into the gas pha.sc, carrying anaiyte molecules into the 
expansion plume of molecules und ions, U is thought that gas-phase ion-mo) ecu I c collisions! 
subsequently ionize the neutral analyie molecules in the near-surface region, often via proton 
transfer. The matrix thus functions as both an energy- and charge-Transfer species. If double- 

5 stranded nucleic acids are analyzed, Ihe MALD1-TOF MS typically results in detection of 
mostly charged denatured singJe-stranded nucleic acids. 

The ions generated by the laser pulses are accelerated to a fixed kinetic energy by a 
strong electric Held and then passed through an electric field-free region in vacuum, traveling 
wiih ;i velocity corresponding to ihcir respective mass-to -charge raiios (rn/V). Thus, the smaller 

I (.1 m/z ions will travel through the vacuum region faster than the buyer m/z ions thereby causing a 
separation. At the end of the electric field-free region, the ions collide with a detector thai 
generates a signal as each set of ions of a particular mass-to -charge ratio strikes the detector. 
Usually for a given assay, 10 to 100 mass spectra resulting from individual laser pulses arc 
summed together to make a single composite mass spectrum with an improved sigual-to-noise 

15 ratio. 

The mass of an ion (such as a charged nucleic acid) is mea$urcd by using its velocity to 
determine the rnass-to-chargc ratio by ttme-of-flight analysis. In other words, the mass of the 
molecule directly correlates with the time it takes to travel from the samp J e plate to the detector. 
The entire process takes only micro seconds. In an automated apparatus, tens to hundreds of 

20 samples can bu analyzed per minute, in addition io speed. MAIJM-'iOfr" MS has one of the 
largest mass ranges for mass spectrometri;: devices. The current mass range for MALDI-TOF 
MS is from 1 to 1 ,000,000 Da (measured recently for a protein) (Nelson et ctL, 1 995). 

The performance of a mass spectrometer is measured by its sensitivity, mass resolution 
and mass accuracy. Sensitivity is measured by the amount of material needed; it is generally 

25 desirable and possible with mass spectrometry to work with sample amounts in ihe femiornolc 
and low picomole range. Mass resolution, mMm, is the measure of an instrument's ability to 
produce separate signals from ions of similar mass. Mass resolution is denned as the mass, m, 
of an ion signal divided by the full width of the signal. Am, usually measured between points of 
halt-maximum iutensity. Mass accuracy is the measure of error in designating a mass to an ion 

30 signal. The mass accuracy is defined as the ratio of the mass assignment error divided by the 
mass of the ion and can be represented as a percentage. 



WO 98/5475 1 PCT.'I J S98/ J 1 OOJ 

-5- 

To be able to detect any point polymorphism directly by MALDI-TQF maRs 
spectrometry, one would need to resolve and accurately measure the masses of nucleic acids in 
which a single base change has occurred (in comparison lo the wild rype nucleic acid), A single 
base change can be a mass difference of a* little as 9 Da. This value represents the difference 

5 between the two bases with the closest mass values, A and T (A = 2'-deoxyadenosinc-5 < - 
phosphate - 313.19 Da; ^deuxyihymidine-S'-phosphiLtc = 304.20 Da; Ci =2- 
deoxyguanosine-y-phosphate - 329.21 Da; and C - 2' -deoxycytidine-5' -phosphate = 289J9 
Da). If during the mutation process, a single A changes to T or a single T to A, ihe mutant 
nucleic acid containing the base transvcrsiori will cither decrease or increase by 9 Da in total 

30 mass as compared lo the wild type nucleic acid. Tor mas* spectrometry to directly detect these 
irans versions, jt must therefore be able :o detect a minimum mass change, Am, of 
approximately 9 Da, 

J- or example, in order 10 fully resolve {which may not be necessary) a point-mutated 
{A to T or T 10 A) heterozygote 50-base singie-stranded DXA fragment having a mass, m, of" 

15 - 15,000 Da from its corresponding wild type nucleic acid, the required mass resolution is 
m/Am = 1 5,000/9 ^ L70U. However, the mass accuracy needs lo he significantly better than 9 
Da to increase quality assurance and lo prevent ambiguities where the measured mass value is 
near the half-way point between the two theoretical musses. Tor au anaiyte of 15,000 Da, in 
practice the mass accuracy needs to be Am ~ ±3 Da - 6 Da.. \w tills case, ihe absolute mass 

20 accuracy required is (rVI S,000)*1 00 = 0.04%. Often a distinguishing level of mass accuracy 
relative to smother known peak in the spectrum is .sufficient to resolve ambiguities. For 
example, if there is a known mas* peak 1000 Da from the mass peak in question, the relative 
position of the unknown to the known peak may he known with greater accuracy than that 
provided by iin absolute, previous calibration of the mass spectrometer. 

25 In addition, the ability to separate DNA fragments (1) differing in only one base in 

length and (2) of reasonable length [e.g., of sizes corresponding to at least primer size, around 
20 lo 30 bases or so up to about 50 bases io length) is critical to achieving even rudimentary 
DNA sequencing by MALDT-MS. For laser desorption mass spectroscopy techniques to 
successfully analyze macromolecules requires thai one stably laser-desorb molecules into a 

30 vapor phase, and separate and detect (and thereby determine lhc mass of) the volatilized 
molecules by mass spectroscopy. The abiliLy to stably desorb the macromolcculc depends on 
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ihc availability of a suitable light absorbing matrix that will allow one to stably Jascr-desorb 
DNA molecules from a solid state lo a gaseous state, and permit separation of DNA molecules 
having only a nucleotide or so difference in length. Putring that into perspective, the difference 
in mass between a polynucleotide having 30 versus 31 nucleotide represents about a 3% 
5 difference in mass (about 9610 v. 310, assuming an average m.\v. of 310 fur each nucleotide). 
If one applies this to a DNA molecule of 100 nucleotides in length, a modest sequence by DNA 
sequencing standards, the separation system must distinguish among DMA molecules differing 
by only 1%in mass. 

Thus, there is a need for the duvujnpmral of MS techniques and related materials for 

10 practicing thefai techniques that have enhanced resolution, accuracy, and sensiiivi;y. The ability 
to stably desorb the molecule from a solid mulrix that absorbs light at the laser wavelength, 
without radiation damage *md fragmentation of the sample is particularly important as 
fragmentation can lead to complex spcelxaand decreased resolution and sensitivity. 

Although MAI. "DJ ipm-rates less energetic analyse ions than direct laser desorption, thus 

15 decreasing the thermal degradation or the analyte, Lhe ions nevertheless contain significant 
internal energy, which may result in fragmentation. Among the few matrix molecules that have 
bee* (bund to desorb/ionize intact DNA, 3-HPA i* currently the most widely used (Wu el tf/., 
1993; Wu el uL, 1994) ). Using a matrix mixture of 3-HPA with picolinic acid, 
oligonucleotides have been detected that are greater than 500 bases (up to about 200 kDa) in 

20 length (Tang el «/., 1994; Liu et aL, 1995). However, as the length of the oligonucleotide 
increases, the mass resolution is degraded by widening kinetic energy spreads, prompt 
fragmentation, delayed fragmentation (mctastablc decay), and the formation of matrix adducts. 
Thus., there is a need lo develop MS materials and methods that minimize fragmentation of the 
analyte ions during the MALDL process, extend the accessible mass range for mass 

25 spccorocnetric detection, and enhance the utility of the MS techniques. 

2.0 SUMMARY OF THE INVENTION 

It is therefore a goal of the present invention to provide compositions acid methods 
relarting to the preparation of samples containing nonvolatile analyte molecules for mass 
30 analysis using a photoabsorbiftg, low-sublimation temperature matrix. These matrix molecules 
provide a means for desorbiug and ionizing nonvolatile, nonthermal ly- labile organic molecules 
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such as biomolecules and synthetic polymers. Minimizing fragmentation of the parent analyte 
ion and/or reducing adduct formation leads to increased detection sensitivity and/or increased 
resolution and/or extension of the usable mass range. 

The deleterious effects associated with widening kinetic energy spreads fragmentation 
and the formation of matrix -analyte adducts are reduced by employing a matrix system, as 
disclosed herein, having lower intcnnolccuiar binding energies associated with increased 
volatility. l ower binding, energies can reduce fragmentation by minimijdniz the internal energy 
of the desorbed analyte, and can reduce udduei formation by lowering the binding energy of the 
analyte with its surrounding molecules. The desorption of a volatile matrix at room 
temperature but cooled to maintain low vapor pressure in die mass spectrometer may also 
require lc*s energy. Because a vacuum is required ibr the nuiss spectrometry, volatile, 
crystalline matrices which .sublimate or evaporate readily at room temperature are typically 
cooled to reduce their vapor pressures to practical levels, which is below about l()"5 Torr in the 
desorption plume. This consequently means that this analyte internal energy may also be lower. 
It is therefore an advantage of the present invention lo use liquids or low sublimation 
temperaiurc solids as matrices because such systems generally enable lower 
desorpt ion/ion: zation temperatures. 

The present invention relates to a method for volatilization and mass spectrometry 
analysis of nonvolatile, or nonrtiexmally labile, large organic molecules including V>io molecules 
such as nucleic acids, for example, DKA and RNA; proteins and peptide nucleic acids (1 P NA): 
oligosaccharides, and other high molecular weighi polymers. 

Tlie invention generally provides a method for determining the mass of a large organic 
molecule, The method typically includes contacting a large organic molecule, the mass of 
which one desires to determine, with a photoabsorbing, or light absorbing, low-sublimation 
temperature matrix to produce a matrix molecule mixture. This contacting step may be carried 
out by dissolving the large organic molecule to be analyzed in a solution containing the matrix. 
The matrix:molecule mixture is then irradiated by a light source, such as a laser, to desorb* 
ionize, and produce an ionized largo organic molecule The ionized large organic molecule is 
then separated from other constituents, such as the matrix:molecute mixture or other 
matiiximolecule adducts* using mass spectrometry and the mass of the ionized large organic 
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moiecule determined. While any mass spectrometry is* contemplated for use with the present 
invention, tiine-of-flight m;LSSNpeein.uneiry is preferred. 

The niatrixrmnlecule mixture typically comprise a physical mixture of the mairix with 
the molecule to be analyzed. It may or may not contain adduces of the matrix with the 
5 molecule. Although if adducts are formed, they will typically be only weakly associated such 
that they may be readily dissociated upon irradiation, de sorption, and ionization. 

As u*i*] herein the term "a" encompasses embodiments wherein it refers to a jingle: 
dement as well as embodiments including one oi more of such elements. 

In performing the mass spectrometry, it is preferable to use a cooled sample stage, 

10 Generally, the sample stage is cooled to les* than 273° K, typically to from about 150 c K to 
200° K or to abou: 1 80 K. While it id contemplated dial the sample s;mj;e may be cooled by any 
suitable means, it may typically be cryongenically cooled by liquid nitrogen. 

In creating the matrix: molecule mixture, for example, by dissolving the large organic 
molecule in a solution containing the matrix, one of skill in the art will understand that the 

15 solution containing the matrix may generally contain one or more solvents. Preferably the 
solvents will be water and/oT organic solvents, such as elhanol methanol, toluene, acetone, and 
acetotutrile Aiter the matrix rmolecule mixture is formed, the solvents are substantially 
evaporated, typically to dryness, in preferred embodiments, the solvents are evaporated at 
room temperature. AAcr evaporating the solvent, the resulting solid or crystalline moleouie- 

20 mairix mixture is cooled to a vapor pressure between about 10" u ' Ton and about 10 _> Torr. 

The matrix for use in ihe prcsem invention is generally u volatile light-absorbing, 
hydroxy-bearing mairix. As used herein, volatile matrices are those that arc volatile at room 
temperature at ambient or reduced pressures. In preferred aspects, the mairix may be a phenol, 
a hydroxyquirjoiine, or u hy droxy naphtha lene. Where the matrix is a phenol, it will preferably 

25 be 4-nitropheuol. Where the mainx is a hyriroxyquinohnc. it will preferably be 8- 
hydroxyquinolinc. It is also generally preferred that the matrix have a molseulac weight of 
between about 90 Da and about 400 Da. Different classes of analyte molecule may also 
require different mairix systems. The matrix should typically not react or interact strongly with 
the analyte and the analyte should be soluble in die mairix crystals, 

30 In particular embodiment the matrix lias a high sublimation rale between the 

temperatures of 20°C to 200 n C (or a low sublimation temperature), The low- sublimation 
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temperature matrix may typically have a sublimation rate ai room temperature of at least 0,1 
tummin'' at a pressure of about 10' 5 Torr or less and preferably the sublimation rate hi these 
conditions is from about 0.01 nm*min 1 to about 0,1 nm>min . Also provided are 
embodiments where the matrix is a crystalline solid. 
5 As used herein the terms "photo absorbing" ot "light absorbing" refer to the ability of 

the matrix to absorb the desorption light sufficiently strong to aid in the desorption and 
ionization of the large organic molecule. Typically the matrices will absorb light between the 
wavelengths of approximately 200 run and approximately 20,000 nm although it will be 
understood that this absorption is not continuous T: is further preferred thai tbe photoabsorbing 

10 matrix have an absoiplion coefficient greater tlian aboul 10 L^m'^raol 0 , up to and including 
an absorption coefficient of 10 6 L.cm" l .moi"\ at the wavelength of the cicsorbing and ionizing 
radiation. The method of the invention is useful for determining the mass of virtually any large 
organic molecule- For example, the mass of a polymer may be determined using the methods 
of the invention. In preferred aspects of toe invention, the polymer to be analyzed will be a 

15 Wopotymer : such as a nucleic acid, a polypcpiide, a peptide nucleic add (PNA), an 
oligosaccharide, or a mass-modified derivative thereof. Where thy molecule to be analyzed is a 
nucleic acid, it will be understood that it may be, for cxumple, a DNA or an RNA. 

The anaiyte should typically be purified to minimize the presence of salt ions and other 
molecular contaminants. These impurities may reduce the intensity and quality of the mass 

20 spectromeirie signal to a point where either (i) the signal i* undetectable or unreliable, or (ii) the 
mass accuracy and/or resolution is below the val ue neeessaiy for the particular application, such 
as to detect the type of polymorphism expected ox' sequence the analyte. A preferred method to 
purify the analyte is to immobolize it on a solid support and wash it remove impurities, such as 
sodium and potassium ions. The analyte may then be released from the solid support and 

25 contacted with the matrix. 

The size oFihe analyte to be analyzed should also be within the range where there is 
sufficient mass resolution and accuracy. Mass accuracy and resolution significantly degrade as 
the mass of the analyte increases. Currently, the detection of shgJe nucleotide polymorphisms 
(SNPs) above said mass value is difficult above a mass of approximately 30,000 Da for 

.10 oligonucleotides 100 bases) although this range may increase with further advances in MS- 
related technology. Third, because all molecules within a sample arc visualized during mass 
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spectrometric analysis (i.e. it is not possible to selectively label and visualize certain molecules 
and not ofthei* us one can with gel electrophoresis method*), samples may preferably be 
partitioned prior to analysis to remove unwanted products from the spectrum. 

It ia contemplated that the method of the invention wil] allow for the mass determination 
of any large organic molecule having a mass of greater than about 1 ,000 Da. More specifically, 
one may determine the mass of a molecule having a mass of greater than about 27,000 Da. 
greater than about 3fi\0D0 Dtu greater than about 50,000 Da, greater than about 75,000 Da, 
greater than about 100,000 Da 7 greater than about 150,000 Da, greater than about 175,000 Da, 
greater than abou: 200.000 Da, greater than ahiuil 25D r 000 Da. or even greater than about 
315,000 Da, The organic molecule will typically htvc u mass of less than 5,00*000 Da, 
3,000,000 Da or ! ,000.000 DA. In some embodiments, the organic molecule may have ;i mass 
of icss than 500,000 or 300,000 Daltons. 

To pertbrm the desorbing step, one will generally expose the matrix: molecule mixture 
to a source of energy to desorb the lurye organic molecule from the matrix, The source of 
energy used for desorption of the large organic molccuk will preferably be a laser beam. The 
laser beam u&cd to desorh and jonjw the large organic molecule may he any laser but is 
preferably a pulsed laser. Typically, the desorption step will include applying an energy of 
about 20 kV followed by a pulse uT energy of about 2.7 kV, inferably, the pulse of energy 
comprises light having a waveleugth of about 355 nrn. The mass of the larize organic molecule 
may then be determined by summing the mass spectra over a number of laser pulses, preferably 
about 200 laser pulses or about J 000 laRcr pulses, or any number of pulses therebetween, such 
as. Tor example, about 250 laser pulses, about 300 laser pulses, about 350 laser pulses, about 
500 laser pulses, about 750 laser pulses, etc. Of course, it is contemplated that one may sum 
the mass spectra of less than about 200 pulses or more than about 1000 pulses, but it will be 
understood that lower numbers of pulses, especially very low numbers of pulses sucn as 10 or 
20 or 50 pulses, etc., may gtve less accurate results and higher numbers of puises becomes 
unnecessarily repetitive and lower the efficiency and cost-effectiveness of the method. 

In another atjpeeL the invention also provides a method for preparing a sample of large 
organic molecules for mays spectral analysis. This method typically includes providing a 
solution comprising a lar^e organic molecule to be analyzed, a matrix molecule comprising a 
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volatile, lighi-absorbing hydroxy-bcarin<r matrix molecule, and a solvem. and evaporating the 
solvent to provide a solid crystalline matrix containing iTic molecule to be analyzed. 

The present invention applies lo MAT.Dl mass spectrometry of all classes of 
nonvolatile, large organic compounds, with synthetic polymers and biopolymcra preferred. The 
5 present invention is particularly preferred for muss analysis of biopolymers such as nucieic 
acids, proteins, PNAs and oligosaccharides due to ihc fragile nature of these molecules. The 
method utilizes pulsed laser dosoip lion/ ionization mediated by a matrix followed by mass 
spectrometry separation and detection of the anatyte molecules. The matrix may be a 
crystalline solid or a liquid at room temperature, with crystalline solids being preferred. The 
ifl preferred matrix has a high sublimation rate in vacuum ai room temperature and absorbs the 
desorption light strongly. 

Therefore in accordance with the present invention, there is provided crystalline solid, 
light absorbing compounds having hydroxy functionalities, but not carboxylic functionalities, 
for use a* a matrix in mass analysis. Tn preferred embodiments the matrix compounds may be 
15 phenols, hydroxyquino lines or hydroxynaphthaienes. The crystalline solids, K- 
hydroxyquinoline and 4-nitrophenoL which are volatile at room temperature, arc particularly 
preferred as matrices in accordance with the present invention. 

The less energetic, more facile desorptioh/ionization from these volatile matrices 
minimizes fragmentation and extends the high mass limit for generation of intact analyte 
20 molecules, These crystalline matrices exhibit increased sensitivity for detection of both Sow (!>- 
hydroxyquinoline) and high (4-nitrophenol) molecular weighl analytes. Anaiytc molecules, 
including DNA, exceeding 250 kDa molecular weight can be detected by this method. 

There is provided embodiments where the analyte is a large organic moleeuie of greater 
than aboiu 1,000 Da. Also provided are embodiments where the large organic anaiytc is a 
25 polymer, la certain embodiments the polymer is a biopotymcr. In further embodiments the 
biopolymer is a polynueleic acid, and in still further embodiments lhe biopolymer is an 
oligonucleotide. Additionally provided are embodiments where the biopolymer is a protein, 
polypeptide, or oligosaccharide. 

In yet other embodiments, the .sample is placed op a cooled sample stage in order lo 
30 maintain a low vapor pressure of the sample in the vacuum chamber of the mass spectrometer, 
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Thc sample stage is cooled bciow about 273°K, mere typicaJly between about 170 to about 
190°K, and most typically to about I80°K. 

3.0 BRIEF DESCRIPTION OF THE DRAWINGS 

5 The following drawings form part of the present specification and are included to 

further demonstrate certain aspects of the present invention. The invention may be better 
understood by reference to one or more of thcac drawings in combination with the detailed 
description of specific embodiments presented herein. 

10 FIG. 1 is a Jaser de sorption/ionization unic-of-flight ma^ spectrum of a mixture of 

singic-atranded DNA oligomers 89, 90, and 91 nucleotides in iengin obtained using 8- 
hydroxyquinoKnc as the matrix. The laser wavelength was 355 nm. 

FIG. 2 is a laser desoiptiou'ionization iittiu-of-ilight mass spectrum of a double- 
15 stranded PCR product al 315 kDa per strand ("nsaler than approximately 1000 nucleotides in 
length) using a 4-nitropheucl matrix. 'The laser wavelength was 355 nm. 

4.0 DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

In accordance will] the present invention, metbods are provided for the preparation of 
20 samples for analysis by mass spectroscopy to minimize undssired fragmentation. Select light 
absorbing molecules containing hydroxy functionalities (but not carboxylic functionalities) and 
having significant sublimation rates at room temperature under vacuum, are used as matrices in 
MALDI rims spectrometry. Hydroxy functionalities offer advantage over carboxylic 
functionalities due to their increased acidity in the excited state (Huppert ei ai, 1981) and aLso 
25 typically provide lower inrermoleeular binding energies tu inerease volatility, Representative 
examples of matrix compounds include, but arc not limited ty, hydruxyquinulines, phenols, and 
hydroxynaphthalenes. 

Samples are prepared by dissolving the analyte in a solution containing the matrix 
molecule, with the buJk of the solution being one or more solvents which are subsequently 
30 allowed to evaporate before mass analysis begins. Typically, the annJyte vvill be present in thy 
solution at » concentration of" about 0.05 M to about 1,0 M. 
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The solvent evaporation may be conducted ut a temperature range of about 20°C to 
about 3Q n C, with mom temperature, about 25 C C being most preferred. The evaporation results 
in the (Vinrwtion of a crystalline matrix, composed in part (between about 30% by weiyju io 
about 1 00% by weight) of the subject matrix molecule. Typically the matrix molecular weight 
5 is greater than about 90 Da, preferably bcLwccn about 90 Da and about 400 Da_ Due to the high 
volatility of these matrix mulecules under vacuum at room temperature, the samples must be 
cooled in the mass spectrometers vacuum system to a vapor pressure between about 10"'° Ton 
and about t0" 5 Turr. but not exceeding about 10* 5 Torr, These matrix molecules jtc termed 
herein as volatile, light- absorbing, hydroxy-beaiing matrix molecules. As used herein the term 

10 voiatile refer* Uj it molecule having a sublimation rate at room temperature of greater than or 
equal U> 0.1 fimwnm ' at a pressure of about Ton or less, and the term light absorbing 
refers to a molecule having aa absorption coefficient greater than about 10 l-cnV'-mol"'. 

Two low-subltmaii on -temperature molecules in particular function effectively as 
matrices for MALU1 of nonvolatile organic molecules for deicciion by mass spectrometry. The 

15 compounds. U-hydroxyquinolinc (8HQ) and 4-nitronhcuol (4NP). both contain a hydroxy 
functional group. The former is especially effective for high-resolution analysis of DNA less 
than approximately 100 nucleotides (30 kDa), and the latter is especially effective for sensitive 
detection of higher mass molecules. 

Compounds contemplated for analysis using the present invention include a vast array 

20 of large organic molecules. As used herein, the term "large organic molecule" refers to a 
compound having a molecular weight of greatei than about 1Q0O Da. Also as used herein, the 
term "nonvolatile' 1 refers to a molecule which, when present in its pure, neat form and heated, 
does not sublimate intact to any significant extent. Also included in the definition of 
nonvolatile compounds are compounds which, when present in their pure neat form, cannot be 

25 practically analyzed by mass spectrometry when conventional gas chromatography methods arc 
employed in the sampling process. Representative of such organic compounds an? polynueleie 
acids, polypeptides, oligosaccharides, PNAs and synthetic polymers. Polymeric compounds nre 
also contemplated for analysis using the present invention. Tn particular biopolymers which are 
subject to fragmentation during mass analysis. Representative biopolymers include polymer* 

30 of amino acids, nucleic acids, saccharides, carbohydrates and polypeptides. 
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The mass spectrometry may he accomplished by one of several techniques such as time- 
of-flight. magnetic sector or ion trap. Preferably. Lbe mass spectrometry technique tor use with 
the present invention will be timc-of-flight. 

The volatility of the matrix crystals necessitates that the sample stage of die mass 
5 spectrometer be cooled to substantially below room temperature where the sublimation rate is 
between about 0, 1 um.min" 1 and about 0.1 rnnwnm 1 . A preferred approach is to use a liquid- 
nitrogen cooled sample stage, accomplished by flowing Jiquid nhrogen through a copper 
sample holder. Thus, the sample is cooled to less than 273 D K> preferably between about 170 
and 190 °K or to about 180 °K. 
J 0 Wavelcng-lis from the ultraviolet to infrared may be employed, depending on ihe cooled 

matrix being analyzed. Generally, one of skill in the art will understand that Uic appropriate 
wavelength will be one where light absorption is significant for the molecule being analyzed. 

The disposed iow-subhmation tcmjierahms matrices and methods for using them to 
determine the mass of a large organic molecule or prepare a large organic molecule for mass 
15 spectral analysis may be used in a variety nT MS applications-, such as MS sequencing of 
nucleic; acids; MS analysis of single nucleotide polymorphisms (SNPs); and MS analysis of 
simple sequence repeats {SSRsV short tandem repeats (STR&J, and mierosatellite repeats 
(MKs). 

For example, the methods disclosed licrciu may be used in nucleic acid sequencing 
20 methods involve obtaining nucleic acid fragments using a four base Sanger sequencing 
reaction, performing MS on the products and determining the nucleic acid sequence from the 
mass differences between the peaks. The nucleic acid fragments may be obtained by 
hybridizing a DNA primer to a DNA template and extending the primer by a ON A polymerase 
in the presence of deux y- and dideoxy- nucleotides. The DNA template may generally contain 
25 the DNA .fragment to be sequenced and a region complementary to the primer. The DNA 
primers rutty also contain a biotin which allows for capture to a solid phase and a single, 
chemically clsavable internal linkage (such as a 5'-or 3 r -(S)-phosphon>lhioaie linkage which is 
cleavahle by a siiver ion catalyzed reaction). The cleavage chernisrry of the internal linkage 
combined with the biotin capture are described in U.S. Patent No. 5,700,642, incorporated 
30 herein by reference. 
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The nucleic acid fragments may be farther processed prior u> MS analysis. Generally, 
these processing steps involve binding the nucleic acid Augments to a sircptavidin solid 
support, washing the bound fragments, and cleaving at the internal cleavage site to release the 
nucleic acid fragment from the solid support. Typically the bound fragments arc fir3t washed 
5 with a denaturartf , such as aqueous NaOH, to remove unbound DNA and enzyme and then with 
a scries of ammonium acetate washes. Following cieavaye, (he cleaved extension products may 
he prepared tor MS analysis by drying; mixing the solid residue with the matrix ma:crial and 
ammonium citrate solution, spotting the mixture by pjpeite omo a plalc; and allowing the 
mixture to dry. 

10 The methods for MS SNP analysis are very similar to ihe DNA sequencing methods 

except thai oniy d id wxy nucleotides are employed. 

These low-sublimation temperature matrices may also be used for analyzing SSRs, 
STRs, and MRs involving die determination of ihs number of repetitive units contained in 
amplification products by MS. The amplification products are typically obtained by 

15 hybridizing a DNA primer to a DNA target molecule and extending the primer by a DNA 
polymerase. Similar lo ihe sequencing methods, the UNA primer contains a region 
complementary to the DNA target molecule adjacent to the SSR-, STR-, or MR -containing 
region. The primer may also contain biotin and internal dcuvable linkages. 

The fallowing examples arc included to demonstrate preferred embodiments of the 

20 invention. ]t should be appreciated by those of* skill in the art that the techniques disclosed in 
the examples which follow represent techniques discovered by (he inventor to function well in 
the practice of ihe invention, and thus can be considered to constitute preferred modes for its 
practice. However, those of skill in the art should, in light of the present disclosure, appreciate 
thai many ehanges can be made in the specific embodiments which are disclosed and still 

25 obtain a like or similar result without departing from the spirit and scope of the invention, 

5*0 EXAMPLES 

The following examples are iucluded to demonstrate preferred embodiments of the 
invention. It should be appreciated by those of skill in the ait that the techniques disclosed in 
30 the examples which follow represent techniques discovered by the inventors to function well in 
the practice of the invention, and thus can be considered to constitute preferred modes for its 
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practice. Howcvct, those of skiii in the art should, in light of the present disclosure, appreciate 
that many changes can he made in the specific embodiment which are disclosed and still 
obtain a like or similar result without departing from the spirit and scope of the invention. 

5 5.1 F,* ampk 1 - Materials and Methods 

A time-of-flight muss spectrometer similar to that previously described by Wu et al. 
(1994) ami Hunter et al. (1997) was used, having pulsed delayed ion extraction. The sample 
stage was floated d. 20 k\\ and afler some delay lime (approximately .several hundred 
nanoseconds dependent on mass), ions were extracted by a 2.7 kV pulse and focused into a l- 
10 meter flight tune. The signal output from the dual mi ero channel plaie deteelor way amplified 
and digitized with 5 ns time resolution, 

Laser wavelengths of cither 355 or 266 nm were employed for dcsorption'ionizLilion in 
the examples below. Comparable positive and negative ion signals we observed from 
oligonucleotide analytcs. 

15 T;ie temperature of the sample on a liquid nitrogen-cooled sample stage was maintained 

at approximately 180 K as measured by thermocouple wire*, low enough to maintain u matrix 
vapor pressure of less than 10" 5 Ton. 

5.2 EXAMPLE 2 - PJNA Oligomer Analysis Employing 8-Hydroxyquinoline as a 
20 Matrix 

The preparative solution for the 8HQ matrix began by using 0.2 M 8IIQ in 1:1 (volume) 
acetoneibutanone. To reduce alkali-mcxal adduet ion formation, to chat initial 8IIQ solution 
was added an Cijual volume of 50 mM aqueous diammonium citrate, resulting in a 25 mM final 
diammonium citrate concentration and 0,1 M 8HQ conecnlrution. 8HQ is known to chelate 

25 trace amounts of metal ions, especially copper, but the adduion of CDTA (trans-1,2- 
diaminocyelohexane'N.N^N* lelraaceiie add monohydratc) effectively suppressed copper 
adducts tn the mass spectrum; a small tdiquot of concentrated CDTA was added to a much 
larger volume of the 8HQ solution to yield a 1 OmM CDTA concentration. 

The oligonucleotide sample was obtained from polymerase chain reaetion (PCR) 

30 amplifieation of a short tandem repeat sequence at the human TH01 (tyrosine hydroxylase 
gene) loctm. One of the strands was captured, denatured, washed, then released to produce 
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single-strandcd products. An aliquot of aqueous solution of thiy TI101 oligonucleotide 
(estimated 10 pmol quantity) was first evaporated in a vacuum evaporator to remove the water, 
and then one microliter of the matrix solution was added to the dried DCs A. This resulting 
solution was pipetted onto a silicon substrate mounted on it copper sample holder. After air- 
S drying of the solvent and resultant crystallization of the matrix, die sample was placed on the 
cryogcnicaliy-cooled sample stage in the mass spectrometer. 

RTtQ is an effective matrix for high resolution studies of DNA oligomer* icss than 
approximately 100 nucleotides in length, FIG. 1 illustrates the mass resolution attainable for 
single-strandcd oligonucleotides of about 27 kDa using 355 rim pulsed laser light for desorption 
10 and summing mass spectra over 200 iaser pulses. DNA oligomers containing 89. 90, and 91 
nucleotides have a mass resolution (m/Am) of 650, 625. and 700, respectively at full width at 
half height. Spectra of oligonucleotides in 8HQ matrix typically have a low background ion 
signal and hj^h signal-to-noise levels. 

15 5.3 EXAMPLE 3 - DNA Oligomer Analysis Employing 4-Nitrophcnol as a Matrix 

The preparative solution for the 4NP matrix was 0.5 M 4NP in 1:1 (volume) 
methanol :waler containing diammonium eilralc at 50 mM final concentration. One microliter 
of the matrix solution was added to dried DNA which was a double-stranded PCR product 
estimated at 10 pmol quantity derived from an unknown cDNA insert in a vector. This 

20 resulting solution was pipetted onto a silicon substrate mounted on a copper sample holder. 
After air-drying of the solvent and resultant crystallization of the matrix, the sample was placed 
on the cryogenicully-cooled sample stage in the mass spectrometer. FIG. 2 is Ihu resulting 
linic-of-flight mass spectrum using 355 nm lasisr light for desorption and summing over 1000 
laser pulses yielding an estimated mass of 315 kDa which corresponds to an estimated number 

25 of bases exceeding 1.000. The width of the peak originates in pari nom the mass difference of 
the two complementary DNA strand* (denatured during analysis) and partly from adduct 
formation as well as fragmentation. DNA oligomers have not previously been reported to be 
detected in this size range. 

30 * * * 
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AH of the compositions and methods disclosed und claimed herein can be made and 
executed without undue experimentation in h^ht of the present disclosure. While the 
compositions and methods of this invention have been described in terms of preferred 
embodiments, it will be apparent lo those of skill in the art thai variation* may be applied to the 
compositions and methods and in the steps or in the sequence of .steps of the method described 
herein without deponing from the concept, spirit and scope of the invention. More specifically, 
it will be apparent thai certain agents which are both chemically and physiologically related 
may be substituted for the agent* described herein while the same or similar results would be 
achieved. All such similar substitutes and modifications apparcnl lo those skilled in the art are 
deemed to be within the spirit, scope and concept of the invention as defined by the appended 
claim*. 
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CLAFMS 

1 . A method for determining the mass of a large organic molecule, said method 
comprising: 

5 (a) contacting said large organic molecule vridi a phoroahsorbing low-sublimation 

temperature matrix lo produce a matrixrmolecuic mixture; 

(b) desorbing and ionizing said molecule: and 

(c ) duujnniniriii the mass of said ionized large organic moieculc by mass 
^spectrometry. 

0 

2. The method of claim L wherein said mass spectrometry is performed using a cooled 
sample stage. 

The method of claim 2. wherein .said sample stage is cooled by liquid nitrogen. 

The method of claim 3, wherein said sample stage is cooled to from about 170 °K to 
190 °K. 

5. The method of claim 4, wherein said sample stage is coded to about 1 80 Q K. 

20 

6. The method of ciaim U wherein said contacting is performed by dissolving said large 
organic molecule in a solution containing said matrix. 

7. The method of claim 6, wherein said solution comprises a solvent. 

25 

8. The method of claim 7, wherein said solvent is organic. 
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9. The method of claim 7, wherein the solvent is water* methanol ethanol, toluene, 
acetone, or acetonitrile, 

10. The method of claim 7, wherein said solvent is evaporated prior io mass spectrometry, 
1 L The method of claim 10, wherein isaid solvent is evaporated at room temperature. 

12. The method o: claim 1 , wherein said matrix; molecule mixture is cooled to a vapor 
pressure hcLwccn abu-ji 10" 1 Ten and about IO* 10 Torr prior to mass spectrometry. 

13. The method of claim 1, wherein soid matrix is farther defined as a volatile, light- 
absorbing, hydioxy-bcaring matrix. 

14. The method nf claim 1, wherein said matrix is selected from the group consisting of 
phenols, hydroxyquinoiiries, and hydroxy naphthalenes. 

J 5 . The method of claim 1 4, wherein said matrix is u phenol. 

16. The method of claim 1 5, wherein said phenol is 4-nitro phenol 

17. The method of claim 14, wherein said matrix is a hydroxy quinoline. 

18. The method of claim 1 7> wherein said hydroxyquinoline is 8 -hydroxy quinolme, 
i 9. The method of claim 1 , wherein said large organic molecule is a polymer. 

20, The method of ciaim 19, wherein said polymer is a biopolymcr. 
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2 1 . The method of claim 20. wherein said biopolymer h selected from the ^roun consisting 
essentially of nucleic acid, polypeptide, peptide nucleic acid and oligosaccharide. 

5 22. The method nf claim 21 , wherein said biupolymer is a nucleic acid. 

23. Tlie method of claim 22, wherein said nucleic acid is DN \. 

24. 'Die method of claim 22. wherein said nucleic acid is "RN A , 

10 

25. The method of claim 1 , wherein said large nryzmic molecule has a mass of greater than 
about 1,000 T)a. 

26. The method \>t claim 25. wherein said large organic molecule has a mass of greater than 
15 aboul 27.000 Da. 

27. The method of claim 26, wherein said large organic molecule has a mass of greater than 
about 250,000 Da. 

20 28. The method of claim 27, wherein said large organic molecule has a mass of greater than 
about315 t 000 Da. 

29. The method of claim 1 , wherein said matrix hay a sublimation rate at room temperature 
of (at Jcasl 0.1 umtmm 1 at a pressure of less than about 10 5 Ton. 

25 

30. The method of churn 1 , wherein said maim has a sublimation rate at room temperature 
of from about 0.01 pm-tnirt* 1 to about 0.1 mmtinin 1 a: a pressure of less than about 10" 5 Torr. 



WO 9S/54751 PCTVUSQ8/1 1 1103 



3 1 . The meihod of claim 1 , wherein said matrix lias an absorption coefficient greaier than 
about I01.cm' r .mor 1 - 

32. The method of claim I , wherein said ricsorbing comprises exposing saAA 

matrix rmolcculc mixture to a source of energy to desoj-b said Jartic organic molecule from the 
matrix. 

33. The method of claim 32, wherein said source of energy is pulsed laser radiation. 

34. The method of claim 33, wherein said pulsed laser radiation comprises applying an 
energy of about 20 JcV followed by a pulse of energy of about 17 kV pulse. 

35. The method of claim 34, wherein said pulse of energy comprises lighl having a 
wavelength of about 355 nm. 

36. The method of claim 1, wherein said mass spectrometry comprises time-of-flight mass 
spectrometry. 

37. The method of cJaira 36, wherein the mass of said ionized large organic molecule is 
determined by summing mass spectra over about 200 laser pulses. 

38. A method for preparing a sample of large organic molecules for mass spectral analysis, 
said method comprising: 

a) providing a solution comprising said large organic molecule to be analyzed, a 

volatile, light-absorbing hydroxy-bcaring matrix composition, and a solvent; and 



WO 98/54751 rcT/USWllGttl 

•25- 

b) evaporating said solvent U> provide a solid matrix materia! containing the 
molecule to be analyzed. 

39. The method of claim 38, wherein said matrix composition is selected from the group 
5 consisting essentially o f phenols* hydTuxyquinulines, and hydroxy naphthalenes. 

40. The method of chum 39, whurcin said matrix composition is a phenol 

41. The method of ciuim 40. wherein said phenol is 4-nitmphenul, 

10 

42. The mcLhod (if claim 39, wherein said matrix composition is a hydroxyquinoline. 

43. The method of claim 42, wherein said hydroxyquinoline is 8-hydroxyquinolinC, 
15 44. The method of claim 38, wherein said large organic molecule is a polymer. 

45. The method of claim 44, wherein said polymer is a biopoiymer. 

46. The method of claim 45, wherein asnd biupoiymer is selected from the group consisting 
20 of nucleic acid, polypeptide, peptide nucleic acid and oligosaccharide. 

47. The method of claim 46. wherein said biopolymer is a nucleic acid. 

48. The method of claim 47, wherein said nucleic acid is DNA. 

25 

49. The method of claim 47, wherein said nucleic acid is R.NA, 
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50. The method of claim 38, wherein said large organic molecule has a mass of greater than 
about J, 000 Da, 

5 1 . The method of claim SO, wherein said large organic molecule has a mass of greater thnrt 
5 about 27,000 Da. 

52. The mclhu J of claim 5 1 . wherein said large urgank molecule has a mass of greater than 
about 250,000 Da. 

10 53. The method of claim 52, wherein said lai^e organic moiuculg hiis a mass of greater than 
about 315,000 Da. 

54. The method of claim 3 8, wherein said matrix has a sublimation rate at room temperature 
of at least 0-1 unwnin" 1 nL a prelim: of less ihan about 10 Totr. 

15 

55, The method of eiiiirn 38, wherein said rnaLrix hi\s an absorption coefficient greater than 
about 10 l-cm'^mol" 1 . 
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